Approximately 500 ng of peptides were separated by reverse-phase HPLC (Dionex, Waltham, MA) on a 0.2 mm×150 mm C18AQ column (3 m, 200 Å, Michrom Bioresources Inc., Auburn,CA) coupled to either an LTQ Orbitrap XL mass spectrometer (ThermoFisher Scientific, Waltham, MA) for protein and peptide identification or an LTQ linear ion trap (Thermo Scientific) for estimation of lysine hydroxylation. In all cases, peptide separation was accomplished with water (A) and acetonitrile (B) with the addition of 0.1% formic acid as an ion-pairing agent. Peptides were first loaded onto a 0.3 mm×5 mm Acclaim PepMap100 C18 trap cartridge (5 m, 100 Å, Dionex,
Waltham, MA) and washed with 5% B for 3 minutes. Peptides were eluted at a flow rate of 2 l/min with an increasing linear gradient of B from 5% to 30% over 47 minutes. The column was subsequently washed with 90% B for 5 minutes and the system was equilibrated for 10 minutes prior to the following injection.
An LTQ Orbitrap XL mass spectrometer was used to identify both the modified and unmodified forms of the Escherichia coli EF-P protein. Peptides were ionized using a captive spray ionization source (Michrome Bioresources Inc., Auburn, CA) with an ionization voltage and capillary temperature of 2.0 kV and 175C, respectively. Positive ion data acquisition was performed in a data-dependent fashion, with the dynamic exclusion and preview modes enabled. The top-5 precursor ions were selected for fragmentation with dynamic exclusion settings as follows: repeat count = 2, repeat duration = 20 s, exclusion list size = 100, exclusion duration = 60 s and exclusion mass width of ±1.50 m/z. Precursor ions underwent CID fragmentation in the LTQ linear ion trap with a normalized collision energy (NCE) of 35%. The raw data were converted to mzXML files using MSConvert and searched with MassMatrix (1,2) against a UniProt E. coli K12 proteome concatenated with modified forms of the EF-P sequence. This search confidently identified the (R)--lysyl-lysine and (R)--lysyl-hydroxylysine forms of EF-P. Once the protein identities were obtained, the experiment was repeated using the precursor ion inclusion mass list containing the precursor masses of the target peptides in multiple charged states. The instrument was operated in the orbitrap-orbitrap mode, in which both the precursor and product ions were detected in the orbitrap MS. This method was used to validate the identity of the obtained high mass resolution and the accuracy of the precursor and fragment ions for the (R)--lysyl-lysine and (R)--lysyl-hydroxylysine EF-P. The precursor and fragment ion resolutions were set at 15,000 and 7,500, respectively. Peptides bearing either (R)--lysyl-lysine or (R)--lysyl-hydroxylysine at position 34 and either a normal or oxidized Met16 were identified and manually validated (Table S6 ).
The combination of chromatographic separation and unique fragment ions allowed for highly specific and selective identification of the four modified forms of EF-P.
Once highly confident precursor -product ion transitions were determined, follow-up parallel reaction monitoring (PRM) experiments were performed on an LTQ linear ion trap (Thermo Scientific, Waltham, MA) (3). This experiment leverages the faster scan rate of the ion trap and allows for the estimation of the conversion of (R)--lysyl-lysine to (R)--lysyl-hydroxylysine EF-P.
Again, the peptides were ionized using a captive spray ionization source (Michrome Bioresources Inc., Auburn, CA) with an ionization voltage and capillary temperature of 2.0 kV and 200C, respectively. To perform the PRM experiments, a target mass inclusion list containing the multiple charge states of the precursor ions was used, as described above. The precursor ions were selected with an isolation width of 1.5 Da and fragmented via CID (NCE 35%), and all fragment ion masses were collected. To differentiate between lysine hydroxylation and methionine oxidation, extracted ion chromatograms (XIC) were produced from the +3 species containing unique product ion transitions ( Figure S3 and Table S6 ). Finally, the yield of (R)--lysyl-hydroxylysine EF-P was estimated by the relative comparison of the corresponding XIC peaks. Quantification was performed using Thermo Xcalibur version 2.0, with Genesis algorithm peak detection and smoothing of 5.
Supplementary figures
Figure S1 Post-translational modification pathway of Lys34 of EF-P.
The overview of the post-translational modification pathway of Lys34 of EF-P is shown (4-6). First, the (S)--lysine is converted to (R)--lysine by YjeK. Second, the (R)--lysine is attached to the -amino group of Lys34 of EF-P by PoxA, a paralogous protein of lysyl-tRNA synthetase. Finally, Lys34 of EF-P is hydroxylated by YfcM at its C4() or C5(). The numbers in parentheses are for the last shell. 
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